Multiparous Alpine does (42) were used to determine how stage of lactation and dietary forage level affect body composition. The feeding and body composition portion of the study had a 2 x 3 factorial arrangement of treatments. Eighteen does were fed a 40% forage diet (40F) and 18 received a diet with 60% forage (60F) for approximately 2, 4, or 6 mo of lactation (59 ± 1.3, 116 ± 1.0, and 184 ± 1.4 d, respectively), followed by determination of body composition (6 does per diet at each time of slaughter). Does were assigned sequentially to treatments as kidding occurred. The 60F diet had 20% more dehydrated alfalfa pellets than the 40F diet, with higher levels of corn and soybean meal and inclusion of supplemental fat in the 40F diet. Initial body composition measures were made with 6 other does a few days after kidding (0 mo; 4 ± 0.6 d). Before parturition, does were fed a 50% concentrate diet free choice. Intake of dry matter was greater for 60F than for 40F, average daily gain tended to be affected by an interaction between diet and month (0, 24, 121, -61, 46, and 73 g), and 4% fat-corrected milk was less in mo 5 to 6 than earlier. Internal fat mass was greatest among times at 6 mo and greater for 40F than for 60F. Mass of the gastrointestinal tract was less for 40F than for 60F and decreased with increasing time in lactation. Concentrations of fat in the carcass (13.8, 13.1, 16.5, 11.2, 11.5, and 14.4%), noncarcass tissues (18.6, 24.2, 33.3, 14.3, 16.5, and 24.5%), and empty body (16.5, 18.7, 25.2, 12.9, 14.1, and 19.5% for 40F at 2 mo, 40F at 4 mo. 40F at 6 mo, 60F at 2 mo, 60F at 4 mo, and 60F at 6mo, respectively) were affected by stage of lactation and diet. Based on~daily change in tissue mass and energy, energy concentration in tissue mobilized or accreted was 16, 20, and 32 MJ jkg in 1 to 2, 3 to 4, and 5 to 6 mo of lactation, respectively. In conclusion, Received January 26, 2009. Accepted March 25, 2009 based on tissue mass, more energy was expended by the gastrointestinal tract with 60F than with 40F. Considerable internal fat appeared to be mobilized in early lactation, particularly with the diet moderate to high in forage, with more rapid and a greater magnitude of repletion by does consuming the diet lower in forage. The concentration of energy in tissue mobilized or accreted varied with stage of lactation, being considerably greater at 5 to 6 mo of lactation than earlier.
INTRODUCTION
A complete understanding of the composition of tissue being accreted or mobilized is necessary to determine dietary energy needs. For lactating dairy goats, factors that may influence the composition of tissue being lost or gained are potential for milk production, diet quality, stage of lactation, and interactions among these factors. Sahlu et al. (2004) and NRC (2007) used the constant concentration of energy in tissue both being gained and being lost of AFRC (1998; 23.9 MJjkg) . Conversely, Ngwa et al. (2007a) noted that the energy concentration in tissue mobilized by yearling meat goats with initially high BW and BCS was considerably lower. Furthermore, the energy concentration in tissue being gained by wethers that previously had low BW and BCS while on a high plane of nutrition was greater than that in mobilized tissue and differed markedly between 2 sequential 12-wk feeding periods.
In addition to the desirability of knowing the chemical composition of tissue lost or gained on a whole or empty body basis, it is also of interest to know how factors such as diet and stage of lactation influence the mass of specific organs and tissues, particularly ones such as the gastrointestinal tract and liver, which are metabolically expensive. Therefore, the objectives of this experiment were to determine how stage of lactation and dietary forage level would affect the mass of organs and tissues and the chemical composition of tissue of Alpine does. 
MATERIALS AND METHODS

Body Composition
The protocol for this experiment and the experiment for determination of digestibility was approved by the Langston University Animal Care Committee. Fortytwo multiparous lactating Alpine does were used in the body composition experiment. Six were used for initial or O-mo slaughter measures early after parturition (mean = 4 d, SEM = 0.6 d, minimum = 2 d, and maximum = 6 d). The other 36 does were assigned sequentially to 1 of 6 treatments as kidding occurred. This was conducted so that DIM would be similar between dietary treatments at the 3 times of slaughter and for a constant interval between slaughters. Three of the treatments entailed ad libitum consumption of a 40% forage, 60% concentrate diet (abbreviated as 40F), and the other 3 treatments involved ad libitum intake of a 60% forage, 40% concentrate diet (abbreviated as 60F; Table 1 ). The intent was to have diets high in nutritive value but that differed in ingredient composition conceivably to elicit differences in tissue mobilization, accretion, or both. The 60F diet had 20% more dehydrated alfalfa pellets than the 40F diet, with higher levels of corn and soybean meal and inclusion of supplemental fat in the 40F diet. Fat was included in the 40F diet to increase the difference in ME concentration above that resulting from different dietary forage levels. Six does from each dietary treatment were used Does were treated for clostridial organisms and internal parasites (Valbazen, SmithKline Beecham Animal Health, West Chester, PA) before kidding. Does kidded in maternity pens, and kids were removed at birth. Does remained in maternity pens for 24 hand then were transferred to a facility with pens fitted with Calan feeding gates (American Calan Inc., Northwood, NH). Does slaughtered for O-mo measures continued to receive a 50% concentrate diet given during late pregnancy. All does were accustomed to use of the Calan feeding gates.
Does consuming 40F were placed in 3 pens (6 per pen) and those consuming 60F were in another 3 pens. Diets were fed at approximately 120% of consumption on the preceding few days. Milk production was determined each day at 0400 and 1600 h, and milk samples were collected at both times 1 d weekly. Samples were stored in vials with potassium bromide as a preservative until analysis for fat, protein, lactose, TS, SNF, and SCC at the certified DHIA Laboratory for Goats at Langston University. Milk composition was determined with a MilkoScan 400 analyzer (Foss Electric, Hiller0d, Denmark) and SCC was determined with a Fossomatic 5000 analyzer. Both instruments were calibrated monthly. Log-transformed SCC was statistically analyzed. At 2, 4, and 6 mo of lactation, 2 does were randomly selected from each pen for slaughter measures, which occurred over a 2-d period. Diet samples were collected daily for formation of weekly composite samples. Diet samples were analyzed for DM, ash, CP (AOAC, 1990) , and NDF (filter bag technique; Ankom Technology Corp., Fairport, NY).
On the morning before slaughter, all does were weighed full or unshrunk and BCS was determined by a panel of 3 individuals, with 0.25-increments, as described by Ngwa et al. (2007b) . After a 24-h period without feed or water, does were slaughtered via stunning with a captive bolt pistol and exsanguination. Blood was collected and weighed. The esophagus was ligated and the head, hooves, and skin were removed and weighed. The rectum was ligated and the entire alimentary tract was removed and weighed before separation into components (esophagus, reticulorumen, omasum, abomasum, small intestine, large intestine, and cecum) by ligation and cutting. Components were weighed with digesta and then without after washing and blotting with paper towels. Noncarcass or internal fat was the sum of visceral and perirenal depots. The carcass and noncarcass organs and tissues were .... 3376 expressed in grams and relative to empty BVI (EBW) , which was the sum of these components minus mass of digesta of the gastrointestinal tract (GIT).
Pools of weighed noncarcass components (blood, head, hide, organs, and fat) and the carcass were ground (Model 801 Autogrinder; Austio Company, Astoria, OR) separately 3 times sequentially through each of 3 plates with different apertures (i.e., 10, 5, and 2 mm). After the final grind, the sample was hand-mixed and duplicate 250-g aliquots were collected and stored at -20°C. Carcass and noncarcass pool samples were analyzed for DM by lyophilization (Model CRVP-195P Dura Stop, FTS Systems, Stone Ridge, NY). After drying, samples were dipped in liquid nitrogen for approximately 1 min and then reground in a blender (Model CB16, Waring Commercial, Torrington, CT) and analyzed for CP, ash (AOAC, 1990) , and fat. Fat was determined with the Ankom XT15 Extraction System (Ankom Technology Corp., Macedon, NY). Energy concentrations of 39.3 and 23.1 MJjkg were assumed for fat and protein, respectively (ARC, 1980) . Composition of accreted tissue was based on full BW of does at the time of slaughter and the composition of does of the same dietary treatment on a full BW basis at the preceding time of slaughter. To estimate tissue concentrations of ash, protein, fat, and water, the sum of mass of each constituent was estimated for the carcass and noncarcass tissue pools, rather than using fresh mass values for the carcass and noncarcass organs and tissues determined on the day of slaughter.
Data were analyzed with a 2 x 3 factorial treatment arrangement using the GLM procedure (SAS Institute Inc., Cary, NC), with a model consisting of diet, slaughter time (2, 4, and 6 mo), and the diet x slaughter time interaction. Interaction means are presented in tables in all cases. Main effect means for time were included when the effect was significant (P < 0.05) and the diet x treatment interaction was nonsignificant (P> 0.05). The P-value for the main effect of diet is included in tables as well. Milk production and composition data were averaged for does slaughtered at 2, 4, and 6 mo over mo 1 to 2, 3 to 4, and 5 to 6, respectively. Means were separated by least significant difference. For O-mo slaughter measures, means and SEM were estimated.
Digestibility
Twelve additional does were likewise sequentially assigned after kidding to the 40F and 60F diets. Two does from each treatment were housed in each of the Calan feeding gate pens with animals for slaughter measures of the same diet. In the middle of rno 1 to 2 and 3 to 4, does were moved to another facility and placed in metabolism crates for 10 d. The first 5 d was for adaptation, and total feces excreted were collected over the next 5 d. Feed and feed refusals were collected each day to form composite samples. A 10% aliquot of feces excreted was collected each day to form a composite sample and later dried by lyophilization. Samples were ground in a Wiley mill to pass a 1-mm screen and analyzed for DM, ash, CP (AOAC, 1990) , and NDF (filter bag technique; Ankom Technology Corp.).
There were 6 observations per diet at each of the 2 periods of determination. Data were analyzed using the MIXED procedure (SAS Institute Inc., Cary, NC). The model consisted of the fixed effects of diet, the repeated measure of time, and the treatment x time interaction as well as the random effect of animal. Means were separated by least significant difference.
RESULTS
Diet Composition and Digestibility
Composition was similar among samples within dietary treatments collected during the experiment. The NDF concentration was greater for 60F than for 40F (Table 1 ). The dietary CP concentration was not greatly different between diets.
Dry matter intake in the digestibility trial tended (P < 0.09) to be greater for 60F than for 40F (Table 2) . A similar trend was noted for intake of OM (P < 0.07).
There were interactions between diet and time in DM and OM digestibilities (P < 0.05). Digestibilities of DM and OM were similar between diets in mo 1 to 2 but were greater for 40F than for 60F (P < 0.05) in mo 3 to 4. Digestible DM and OM intakes were not affected by diet or time. Intake of CP was similar between diets and periods (P> 0.10). Digestibility of CP was similar between diets and tended (P < 0.09) to be greater in mo 1 to 2 than in mo 3 to 4. As anticipated, NDF intake was greater for 60F than for 40F (P < 0.05). In mo 3 to 4, NDF digestibility was similar between diets (P> 0.10) but was greater for 60F than for 40F (P < 0.05) in mo 1 to 2.
BVY, BCS, and Milk Production and Composition
Initial average BCS was 2.4 (SEM = 0.07). There were tendencies (P < 0.07) for interactions between time and diet in ADG (P < 0.07) and change in BCS (P < 0.08; Table 3 ). Nonetheless, averaged over diet ADG ranked (P < 0.05) mo 1 to 2 < 3 to 4 < 5 to 6, with BW gain in late lactation equivalent to loss in early lactation. Change in BCS was less in mo 1 to 2 compared with later times (P < 0.05), being negative in early lactation and positive in mid-and late lactation. Dry matter intake was greater for slaughtered does than for does on the digestibility study, and was greater (P < 0.05) for 60F than for 40F.
Milk fat concentration was lower in mo 3 to 4 than in mo 1 to 2 and 5 to 6 (P < 0.05; Table 3 ). There were diet x time interactions (P < 0.05) in milk concentrations of protein, lactose, and SNF. Protein concentration either was lowest or tended to be lowest among times at 3 to 4 mo. Protein concentration for 40F was highest among times for 1 to 2 mo (P< 0.05), but for the 60F diet tended to be highest at 5 to 6 mo. There were no differences among times in lactose concentration for 40F, but for 60F lactose concentration was greater at 1 to 2 mo compared with 3 to 4 mo (P < 0.05). Total solids concentration was less at 3 to 4 mo compared with the earlier and later.times (P < 0.05). Milk yield uncorrected and corrected to 4% fat was greater at 1 to 2 and 3 to 4 mo compared with 5 to 6 mo (P < 0.05). Fat and protein yields were greater (P < 0.05) at 1 to 2 mo than at 3 to 4 and 5 to 6 mo. Conversely, yields of fat, SNF, and TS were lowest among times (P < 0.05) for 5 to 6 mo. Log SCC was greater in 5 to 6 mo than in 1 to 2 and 3 to 4 mo of lactation (P < 0.05).
Slaughter Measures
Organ and Tissue Mass. Body weight and tissue and organ mass at 0 mo are given in Table 4 . For measures at 2, 4, and 6 mo, mass of the carcass in percentage of EBW was less and that of total noncarcass components was greater for 40F than for 60F (P < 0.05; Table 5 ). There were no interactions between diet and time in mass of noncarcass organs and tissues in percentage of EBW. Internal fat mass in percentage of EBW was greater for 40F than for 60F (P < 0.05) and mass of the GIT was greater (P < 0.05) for 60F than for 40F. Mass in percentage of EBW of many noncarcass components decreased with advancing time (i.e., blood, head, kidneys, trachea, lungs, liver, skin, esophagus, GIT). Conversely, mass of internal fat increased with advancing time, being greater at 5 to 6 mo compared with earlier times (P < 0.05). There were interactions between diet and time for all expressions of GIT digesta mass (P < 0.05). Digesta mass was similar between diets at 1 to 2 mo but was greater for 60F than for 40F at 3 to 4 and 5 to 6 mo (P < 0.05). For 40F, digesta mass declined with advancing time, whereas for 60F digesta mass was greater at 3 to 4 mo than at 1 to 2 mo and tended to be greater than at 5 to 6 mo. Body Composition. The mass of internal fat in does soon after birth was considerably greater than that in the carcass, with a fat concentration in noncarcass tissues about twice as great as in the carcass (Table 6) . Correspondingly, there was much more protein at 0 rna in the carcass than in noncarcass tissues.
The 40F diet resulted in greater fat mass during lactation in the carcass (P < 0.08) and noncarcass tissues (P < 0.05) compared with the 60F diet ( Table 7) . Mass of fat in noncarcass tissues was considerably less at 2 and 4 rna of lactation compared with that at 0 rna, although values for the carcass were not greatly different. Mass of fat was greater at 6 than at 2 and 4 rna of lactation for both the carcass and noncarcass tissues, although the magnitude of change was much greater for noncarcass tissues. At 6 rna, mass of fat in the carcass and noncarcass tissues was greater than at 0 mo. Neither diet nor month of lactation affected protein or water mass in the carcass, noncarcass tissues, or empty body. Thus, effects of diet and month of lactation on energy stores were similar to those on fat mass. Diet did not affect ash, protein, or water concentrations in the carcass, although the concentration of fat tended (P < 0.06) to be greater for 40F than for 60F (Table 7) . Conversely, diet affected levels of all constituents in noncarcass tissues (P < 0.05). Levels of fat and energy were greater and those of ash, protein, and water were less for 40F than for 60F. Concentrations of fat were greater at rna 6 than at rna 2 and 4 of lactation for both the carcass and noncarcass tissues, but the magnitude of difference was much greater for noncarcass tissues.
Despite numerous effects of diet on mass and concentrations in the carcass, noncarcass tissues, and empty body at slaughter times, there were no significant (P > 0.10) effects on estimates of daily change in mass (Table 8) . This was a result of high variability and estimation of initial values based on averages on a full BW basis of values for the same diet at the preceding time of slaughter. In accordance, concentrations in tissue being lost or gained are not presented because of some unrealistic values for individual observations that had marked effects on means.
There was much greater mobilization of noncarcass tissues than of the carcass in the first 2 rna of lactation (Table 8) . Likewise,~gain of tissue in rna 3 to 6 was greater for noncarcass tissues than for the carcass. Daily gain of fat and energy tended to be greater in rna 5 to 6 compared with 3 to 4 in noncarcass tissues (P < 0.10 and 0.09, respectively) and empty body (P < 0.07). Based on period means of daily change in wet tissue mass and energy, the energy concentration in 3379 The differences in ingredient composition between diets allowed for greater intake of the 60F diet, which facilitated similar milk yield. If the difference in forage level had been achieved by a greater level of bermudagrass hay rather than dehydrated alfalfa pellets, or if diets varied more in dietary forage level, intake might not have been greater for 60F than for 40F. In this regard, in a 16-wk early-lactation study with different dietary forage levels achieved by varying the level of coarsely ground alfalfa hay, Goetsch et al. (2000) noted DMI by Alpine goats approximately 0.21 kgjd greater for a 40 versus 80% dietary forage. In addition, stage tissue being mobilized or accreted was 16, 20, and 32 MJ jkg in mo 1 to 2, 3 to 4, and 5 to 6, respectively, corresponding to 7.5,5.7, and 11.6% protein and 37,47, and 75% fat, respectively. of lactation may influence effects of dietary forage level on DMI. For example, in a 16-wk late-lactation study, Goetsch et al. (2001) fed Alpine goats diets ranging from 35 to 80% forage, with differences achieved by varying the level of coarsely ground alfalfa hay, and observed similar DMI among treatments. With a moderate to high assumed digestibility of dehydrated alfalfa pellets (NRC, 2007) , a substantial dietary difference in digestibility was not expected. It is not readily apparent why OM digestibility was slightly less for 60F than for 40F in mo 3 to 4 or why NDF digestibility was markedly less for 40F than for 60F in mo 1 to 2.
Feed Intake and Digestibility
DISCUSSION
Milk Composition
The absence of a diet effect on milk fat concentration reflects the moderate level of cereal grain in the 40F diet. However, Goetsch et al. (2000 Goetsch et al. ( ,2001 ) also reported similar milk fat concentrations in Alpine goats consuming diets varying greatly in dietary forage level (i.e., 40 to 80 and 35 to 80%, respectively). The greater milk protein concentration in the present experiment for 40F than for 60F in mo 1 to 2 agrees with a difference noted by Goetsch et al. (2000) between 40 and 80% forage diets. Furthermore, in late lactation Goetsch et al. (2001) observed a similar protein concentration among diets 65, 50, and 35% in forage, with a slightly greater level noted for an 80% forage diet.
In accordance with the greatest log SCC among periods of measurement for mo 5 to 6, SCC in goats generally increases with advancing stage of lactation. For example, Gomes et al. (2006) reported that SCC increased from 2.56 x 10 5 jmL at 1 mo of lactation to 6.51 x 10 5 jmL in mo 8. Paape et al. (2007) found that SCC in dairy goats was 2.5 to 4 times higher at 15 than at 285 DIM.
Mass of the Carcass and Noncarcass Tissues and Organs
There was a substantial increase in liver mass of does from parturition to early lactation (e.g., 2 mo) and a gradual decline thereafter. This exemplifies the influence of tissue mobilization in early lactation, in addition to dietary nutrient intake, on liver metabolic activity. Lactating Alpine does mobilize considerable internal fat in early lactation, particularly with diets moderate to high in forage (e.g., 60F Barnes and Brown (1990) noted the importance of protein mobilization to maintain milk production by Alpine goats when nutrient intake was limiting. Results of the present experiment suggest that the diet lower in forage and higher in concentrate not only lessened internal fat loss in early lactation but promoted greater internal fat accretion than the diet higher in forage in mid-and late lactation. Hence, with does in low BCS at parturition, a relatively low forage level would be advantageous to avoid depletion of this energy store and to minimize tissue protein mobilization. Conversely, with does in moderate to high body condition at parturition, a diet higher in forage can be fed without an adverse impact on milk yield because of adequate stored energy in internal fat available for mobilization in early lactation. The time taken to replenish the internal fat energy storage depot is longer with diets higher in forage, extending into late lactation and possibly the dry period. Likewise, feeding a diet lower in forage throughout lactation may result in accretion of considerable, and perhaps excessive, internal fat in mid-to late lactation. Thus, an increase in dietary forage level in mid-to late lactation may be warranted.
Even though considerable energy is mobilized in early lactation to support milk production, there is a substantial increase in mass of the GIT in the first 2 mo of lactation, followed by a steady decline. Such a change may contribute to the observation by Eknres et al. (2006) of no change in whole body protein mass by Norwegian dairy goats in early and midlactation when fat was being mobilized. Based on tissue mass in the present experiment, it would appear that more energy is expended by the GIT with diets higher than lower in forage. Similarly, Goetsch (1998) suggested that in sheep, the physical nature of the diet influences energy expended by the GIT, with relatively high energy use relative to absorbed energy for high-forage diets and forages of low compared with high quality.
Tissue Mass and Composition
Tissue mass and composition measures support earlier interpretations based on mass of the carcass and noncarcass tissues and organs. These findings are in general agreement with those of Ngwa et al. (2007a) in a study involving yearling meat goats. That is, the energy concentration in tissue being mobilized or accreted is not constant throughout feeding periods, as is assumed in most sets of goat nutrient requirement recommendations, such as those of AFRC (1998), Sahlu et al. (2004), and NRC (2007) . For lactating Alpine does in the present experiment, the energy concentration in tissue being mobilized in early lactation and gained in midlactation was considerably less than that being accreted in late lactation, although such differences presumably would be influenced by prior ADG and plane of nutrition. Both diets of the present experiment, although differing in forage and concentrate levels, were of moderate to high nutritive value. Lower quality diets, perhaps resulting in greater tissue mobilization in early lactation, less tissue gain and energy accretion in midlactation, or both, could prevent or delay accretion of tissue very high in fat and energy, primarily in noncarcass tissues, in late lactation.
Another important consideration regarding tissue loss and gain during lactation by dairy goat breeds such as the Alpine is initial carcass mass and composition. Considerable protein was mobilized from the carcass in early lactation, whereas throughout lactation, protein mass in noncarcass tissues increased. A low body condition at the time of kidding would restrict this pool of nutrients available for use in support of milk production. However, because does of this experiment after kidding had an average BCS slightly less than the moderate score of 3.0, it would appear that a very low body condition would be necessary to minimize carcass tissue protein mobilization in early lactation for use in milk synthesis.
The AFRC (1998) reviewed literature available at that time pertaining to the energy concentration in tissue mobilized or gained by lactating dairy goats. Considerable variability in estimates was noted. Because some estimates were similar to the ARC (1980) value of 23.9 MJ jkg of live weight change used for lactating cattle and sheep, this was the recommendation presented. This concentration does seem appropriate as an average over an entire lactation. Based on findings of this experiment, its use would appreciably overestimate the tissue contribution to milk synthesis in early lactation and slightly overestimate energy accretion along with a slight underestimation of the dietary energy need for tissue gain in midlactation; magnitudes of error in late lactation for energy accretion would be much greater than in midlactation. However, as pointed out by AFRC (1998), in some cases there is a nominal change in the BW of dairy goats during lactation, which would minimize the impact of assumptions of energy concentration in tissue being lost or gained.
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CONCLUSIONS
Dairy goats mobilize considerable fat from noncarcass tissues and a lesser amount of carcass protein in early lactation. Diets relatively low in forage lessen internal fat mobilization in early lactation and promote greater repletion later compared with diets higher in forage. The energy concentration in tissue mobilized in early lactation and accreted in midlactation is less than in tissue gained in late lactation.
